Agaricus bisporus agglutinin (ABA) isolated from edible mushroom has a potent anti-proliferative effect on malignant colon cells with considerable therapeutic potential as an anti-neoplastic agent. Since previous studies on the structural requirement for binding were limited to molecular or submolecular levels of Galβ1-3GalNAc (T ; Thomsen-Friedenreich disaccharide glycotope ; where Gal represents -galactopyranose and GalNAc represents 2-acetamido-2-deoxy--galactopyranose) and its derivatives, the binding properties of ABA were further investigated using our collection of glycans by enzyme-linked lectinosorbent assay and lectin-glycan inhibition assay. The results indicate that polyvalent Galβ1-related glycotopes, GalNAcα1-Ser\Thr (Tn), and their cryptoforms, are the most potent factor for ABA binding. They were up to 5.5i10& and 4.7i10' times more active than monomeric T and GalNAc respectively. The
INTRODUCTION
Many lectins abundant in the diet resist heat and digestion [1] , remain in active form in colon and faeces [1, 2] and have marked effects on the function of gastrointestinal cells [1] [2] [3] [4] . Agaricus bisporus agglutinin (ABA) isolated from edible mushroom is one of the Galβ1-3GalNAc (T, Thomsen-Friedenreich disaccharide glycotope ; where Gal represents -galactopyranose and GalNAc represents 2-acetamido-2-deoxy--galactopyranose)-specific lectins that reacts weakly with monosaccharides and possesses a potent anti-proliferative effect on malignant colonic epithelial cells without any apparent cytotoxicity [1, 3, 4] . This lectin, with a molecular mass of 6.4i10% Da, is a tetramer consisting of four apparently identical subunits (M r 16 000) [5] . Moreover, four different isoelectric forms with similar carbohydrate-binding specificities were reported [5] . Although its special structural nature required for binding, which is different from that of other T-specific lectins, had been documented previously [6] , this information was limited to molecular or submolecular T and T-related oligosaccharides. Its binding relationship towards other mammalian structural units has not been determined. The unusual combination of biological properties described Abbreviations used : ABA, Agaricus bisporus agglutinin ; ELLSA, enzyme-linked lectinosorbent assay ; Gal, D-galactopyranose ; GalNAc, 2-acetamido-2-deoxy-D-galactopyranose ; Glc, D-glucopyranose ; GlcNAc, 2-acetamido-2-deoxy-D-glucopyranose ; HOC, human ovarian cyst fluid ; OSM, ovine salivary glycoprotein ; PNA, peanut (Arachis hypogaea) agglutinin ; PSM, porcine salivary mucin ; TBS, Tris/HCl-buffered saline ; THGP, Tamm-Horsfall glycoprotein. The mammalian carbohydrate structural units in glycans used to define binding properties of ABA are : A, GalNAcα1-3Gal, human blood group A-specific disaccharide ; A h , GalNAcα1-3Gal(L-Fucα1-2), human blood group A-specific trisaccharide containing crypto H determinant ; B, Galα1-3Gal, human blood group B-specific disaccharide ; E, Galα1-4Gal, galabiose, the uropathogenic Escherichia coli receptor ; F, GalNAcα1-3GalNAc ; H, L-Fucα1-2Gal, human blood group H-specific disaccharide ; I, Galβ1-3GlcNAc, human blood group type I precursor sequence ; II, Galβ1-4GlcNAc, human blood group type II precursor sequence ; L, Galβ1-4Glc ; P, GalNAcβ1-3Gal ; S, GalNAcβ1-4Gal ; T, Galβ1-3GalNAc, Thomsen-Friedenreich disaccharide ; T α , Galβ1-3GalNAcα1-; Tn, GalNAcα1-Ser/Thr. 1 To whom correspondence should be addressed (e-mail amwu!mail.cgu.edu.tw).
affinity of ABA for ligands can be ranked as : multivalent T α (Galβ1-3GalNAcα1-), Tn and I\II (Galβ1-3GlcNac\Galβ1-4GlcNAc, where GlcNAc represents 2-acetamido-2-deoxy--glucopyranose) monomeric T α and Tn I GalNAc II, L (Galβ1-4Glc, where Glc represents -glucopyranose) and Gal (inactive). These specific binding features of ABA establish the importance of affinity enhancement by high-density polyvalent (versus multiantennary I\II) glycotopes and facilitate our understanding of the lectin receptor recognition events relevant to its biological activities.
Key words : Agaricus bisporus agglutinin, carbohydrate specificity, glycoprotein binding, lectin, multivalent effect, polyvalency.
previously [3] [4] [5] [6] prompted us to investigate its binding characteristics. To understand the roles of ABA, we further characterized its binding properties using our collection of glycans by enzyme-linked lectinosorbent assay (ELLSA) and lectin-glycan inhibition assay. The results indicate that GalNAcα1-Ser\Thr (Tn)glycotopes and Galβ1-3GlcNAc (I, human blood group type I precursor sequence), in addition to the T sequence, are also active ligands. In most cases, ABA recognizes not only glycans exposing Galβ1 and Tn-glycotopes, but also their cryptoforms masked by blood group determinants or sialic acids. Based on the interaction profiles of the present study and inhibition of the ABA-glycoprotein binding by glycans, polyvalencies of glycotopes should be the most important factor involved in ABA binding ; the affinity of ABA for mammalian carbohydrate structural units was examined and the overall binding was defined.
EXPERIMENTAL Lectin and biotinylation of lectin
ABA was purchased from Sigma (St. Louis, MO, U.S.A.). The biotinylation of lectin was prepared as described previously [7, 8] .
Figure 1 Proposed representative carbohydrate side chains of blood-group-active glycoproteins, prepared from HOC
This structure represents the internal portion of carbohydrate chains to which various human blood group determinants are attached. The four-branched structure (1) (2) (3) (4) shown is the representative internal portion of the carbohydrate moiety of blood group substances to which the residues responsible for A, B, H, Le a and Le b activities are attached. This structure also represents precursor blood-group-active glycoproteins [12, 16] and can be prepared by Smith degradation of A, B, H active glycoproteins, purified from HOC [10] [11] [12] [13] . Numbers in parentheses indicate the site of attachment for the human blood group A (1-3 and/or 4-10, 12), B (1-3 and/or 4-10, 12), H (5-12), Le a (6 and 10) and Le b (5-12) determinants. These determinants as well as the structural units at the non-reducing end are the sources of lectin-reactive A/A h [where A h represents GalNAcα1-3(L-Fucα1-2)Gal, human blood group A-specific trisaccharide containing crypto H determinant ; L-Fuc represents L-fucopyranose], B, I/II, T and Tn determinants [35, 36] . This megalosaccharide of 24 sugars has not been isolated. However, most of the carbohydrate chains isolated are parts of this structure.
Glycoproteins and polysaccharides
The blood group A, B, H, Le a , Le b and Ii active substances were purified from human ovarian cyst fluid (HOC) by digestion with pepsin and precipitation with increasing concentrations of ethanol [9] [10] [11] ; the dried ethanol precipitates were extracted with 90 % phenol, the insoluble fraction being named after the blood group substance (e.g. Cyst Tighe phenol insoluble). The ' Tighe ' denotes the code of the HOC sample. A similar principle could be applied to the other HOC collections such as Beach, MSS, JS, N-1, etc. The supernatant was fractionally precipitated by addition of 50 % ethanol in 90 % phenol at the indicated concentrations [9] . The designation ' 10 (or 20) % (ppt) ' denotes a fraction precipitated from phenol at an ethanol concentration of 10 or 20 % ; '2i ' signifies that a second round of phenol extraction and ethanol precipitation was performed (Cyst MSS 10 % 2i and Cyst N-1 Le a 20 % 2i). The carbohydrate chains of HOC consist of multiple saccharide branches attached by O-glycosidic linkages at their internal reducing ends to serine or threonine residues of the polypeptide backbone ( Figure 1 ) [10, 12] .
In general, the ' P-1 ' fractions (Cyst Beach P-1 and Cyst Tighe phenol P-1) represent the non-dialysable portion of the blood group substances after mild hydrolysis at pH 1.5-2.0 for 2 h, which removed most of the -fucopyranosyl end groups, as well
Figure 2 Structure of active anti-freeze glycoproteins
The active anti-freeze glycoproteins from the Antarctic fish Trematomus borchgrevinki is composed of repeating units of a diglycosyltripeptide as shown in the above structure [19] . The shaded area (T α ) is proposed to be the active site for ABA attachment. Binding enhancement can be reached by its polyvalency.
as some blood group A and B active oligosaccharide side chains [13] [14] [15] . The ' Smith-degraded ' products of blood-group-active substances (Cyst MSS 1st Smith degraded, Cyst JS 1st Smith degraded), in which almost all of the sugar groups at the nonreducing ends were removed, were prepared as described previously [16, 17] . Both P-1 fractions and Smith-degraded products from HOC glycoproteins exposing the internal structures equivalent to those on the blood group precursors are defined as ' precursor equivalent glycoproteins '.
The anti-freeze glycoprotein from the Antarctic fish (Trematomus borchgre inki) which contains only Galβ1-3GalNAcα1-(T α ) as carbohydrate chains (Figure 2) Glycophorin A, a mucin type O-glycan containing sialylated T α , was prepared from the membranes of outdated human blood group O erythrocytes by phenol\saline extraction and was purified by gel filtration in the presence of SDS [19] . Asialoglycophorin (T α ) was prepared by mild acid hydrolysis [20, 21] .
Figure 3 Structure of PSM glycoprotein
The carbohydrate side chains of this glycoprotein are O-glycosidically linked by GalNAc at the reducing end of the carbohydrate side chain to a Ser or Thr residue of the protein core [22, 23] . Twelve kinds of carbohydrate side chains have been isolated. They are composed of 1-5 sugar residues with Galβ1-3GalNAcα-1-O-Thr or -Ser as the carbohydrate core region. They can be masked by N-acetylneuraminic acid (NeuNAc) and NeuNGc. Substitution by GalNAc or L-Fuc exhibits blood group A and H activities respectively. The mild acid-treated product of PSM [20, 21] contains mainly mixtures of the above three structures.
Figure 4 Repeating unit of the Pneumococcus type 14 capsular polysaccharide [28]
Shaded area (II) is proposed to be the reactive glycotope for ABA. Binding intensity can be increased greatly by its polyvalency.
Figure 5 Structure of fetuin
The glycoprotein has three oligosaccharide side chains with three different structures O-glycosidically linked to Ser or Thr of the protein core as well as three carbohydrate side chains per molecule N-glycosidically linked to asparagine [25, 29] . Carbohydrate side chains of mild acid-treated (desialized) fetuin [20, 21] contain no NeuNAc.
Table 1 Binding of ABA to human blood group A, B, H, P 1 Le a and Le b active glycoproteins, sialo-and asialoglycoproteins and polysaccharides by ELLSA
Biotinylated lectin (10 ng) was added to glycoprotein concentrations ranging from 0.001 ng to 5 µg. Figure 7 Glycoprotein lectin determinants* (blood group specificity)
Curve in
Glycoform (ng) required to reach an A 405 of 1.5
Asialo ovine salivary glycoprotein major (Tn) 17.0 
Colominic acid ---* The symbol in parentheses indicates the human blood group activity ( Figure 1 ) and/or lectin determinants [35, 36] . † The results were interpreted according to the spectrophotometric A 405 value after 2 h incubation as follows : jjjjj, A 2.5 ; jjjj, 2.5 A 2.0 ; jjj, 2.0 A 1.5 ; jj, 1.5 A 1.0 ; j, 1.0 A 0.5 ; p, 0.5 A 0.2 ; and -, A 0.2.
The Tn-type glycophorin (Tn-glycophorin) was obtained by removing galactose residues from asialo-glycophorin by periodate oxidation and mild acid hydrolysis (Smith degradation) [7, 16] .
Ovine salivary glycoprotein major (OSM) and porcine salivary mucin (PSM; Figure 3) were purified by the method of Tettamanti and Pigman [20] with some modifications [22, 23] . Asialo PSM contains T α [22] together with Tn and A (GalNAcα1-3Gal, human blood group A-specific disaccharide) sequences, as most of the outer fucosyl residues and sialic acids are cleaved by mild acid hydrolysis.
The Pneumococcus type 14 polysaccharide, isolated from Streptococcus pneumoniae capsule (Figure 4 ) [24] , was a gift from the late Dr E. A. Kabat. Fetuin (Gibco Laboratories, Grand Island, NY, U.S.A.) is the major glycoprotein in foetal calf serum and has six oligosaccharide side chains per molecule, three of them (of two types) are O-glycosyl-linked to Ser or Thr residues of the protein core, and the others are triantennary II (Galβ1-4GlcNAc, human blood group type II precursor sequence) N-glycans and a small amount of the Galβ1,3-linked isomer at the non-reducing terminal ends ( Figure 5 ) [25] .
Human α " -acid glycoprotein was purchased from Sigma. It is a complex-type N-glycan and the carbohydrate units of this asialoglycoprotein can be grouped into compounds with biantennary and triantennary II structure with and without a fucose residue ( Figure 6 ) [26] .
Desialylation of sialoglycoproteins was performed by mild acid hydrolysis using 0.01 M HCl at 80 mC for 90 min, and The primary structure of classes A, B, BF, C and CF carbohydrate units of the glycosylation site in human plasma α 1 -acid glycoprotein [26] is indicated in the above structure for asialoorosomucoid. The carbohydrate units of this asialoglycoprotein can be grouped into compounds with biantennary (class A), triantennary (class B) and the triantennary II structure with a fucose residue (class BF). Shaded areas (II) are proposed to be the reactive glycotopes for ABA.
dialysed against distilled water for 2 days to remove small fragments [20, 21] .
Tamm-Horsfall glycoprotein (THGP) with Sd(aj) blood group [27, 28] was kindly provided by Dr W. M. Watkins (Royal Postgraduate Medical School, Hammersmith Hospital, University of London, London, U.K.).
Yeast high-mannose type glycan (mannan), polygalacturonic acid-containing pectins from the cell wall matrix of apple (pectin A) and citrus fruits (pectin C), poly-2,8-N-acetylneuraminic acid capsular polysaccharide from Escherichia coli (colominic acid) and arabinogalactan (an -arabino--galactan mixture of two monosaccharides in the ratio of -Araf\-Galp residues varying from 1 : 4, with 1 : 6 being the most prevalent) were purchased from Sigma.
Sugars used for inhibition studies
Mono-, di-and oligosaccharides used were purchased or prepared by Dextra (Reading, Berkshire, U.K.) and Sigma. Triantennary II glycopeptides were prepared from asialofetuin by pronase digestion and repeatedly fractionated by BioGel P-4 400 mesh column chromatography [30] . The Tn clusters used for this study were mixtures of Tn-containing glycopeptides in the filterable fraction (molecular mass cut-off 3000 Da).
Microtitre plate lectin-enzyme-binding assay
The assay was performed according to the procedures described by Duk et al. [7] . The volume of each reagent applied to the plate was 50 µl\well, and all incubations, except for coating, were performed at room temperature (20-25 mC). The reagents, if not indicated otherwise, were diluted with Tris\HCl-buffered saline (TBS) containing 0.05 % Tween 20. The TBS (pH 7.4) or 0.15 M NaCl containing 0.05 % Tween 20 was used for washing the plate between incubations.
For inhibition studies, the serially diluted inhibitors were mixed with an equal volume of lectin solution containing a fixed amount of ABA. The control lectin sample was diluted 2-fold with TBS containing 0.05 % Tween 20. After 30 min at room temperature, the samples were tested using the binding assay [7, 8] . The inhibitory activity was estimated from the inhibition curve and is expressed as the amount of inhibitor (nmol\well) giving 50 % inhibition of the control lectin binding.
RESULTS

Lectin-glycan interactions
The avidity of ABA for various glycans studied by ELLSA is summarized in Table 1 according to the interaction profiles shown in Figure 7 . It is clear that ABA reacted strongly with high-density polyvalent glycotopes of glycoproteins with Tn, T α (active anti-freeze glycoprotein in Figures 2 and 7b) , I\II (precursor equivalent glycoproteins in Figure 1 ; Cyst 1st Smithdegraded glycoproteins in Figures 7a and 7e , and Cyst P-1 glycoproteins in Figure 7f ) and, where less than 1.0 ng of coated glycoprotein was required to interact with 10.0 ng of lectin to yield an absorbance (A %!& ) value of 1.5 within 2 h. This lectin also bound well to other exposed and cryptomultivalent II-containing glycoproteins or polysaccharide [human α " -acid glycoprotein, fetuin and their asialo products in Figures 5, 6 , 7a and 7d ; Pneumococcus type 14 polysaccharide in Figures 4 and 7a] , Tn-containing glycoproteins and bloodgroup-active cyst glycoproteins (Tn-glycophorin in Figure 7b , asialo PSM in Figures 3 and 7c , Cyst glycoproteins in Figure 7e , etc.). However, it reacted weakly or not at all with GalNAcβ1-containing glycoprotein [Tamm-Horsfall Sd(aj) urinary glycoprotein in Figure 7d ], high-mannose type yeast N-glycan (Figure 7a ), colominic acid (Figure 7d ), etc. Except for human glycophorin, sialylation only slightly interfered with the binding.
Inhibition of ABA-glycoform interactions by mono-and oligo-saccharides
The ability of various sugars to inhibit the binding of ABA with a T\Tn-containing glycoprotein (asialo PSM) is shown in Figure  8 and the amounts of ligands required for 50 % inhibition of the lectin-glycan interaction are listed in Table 2 . Among 23 ligands tested, only four reached 50 % inhibition (curves 1-4). T α (curve 1), which was the best inhibitor, was approx. 3 times more active than T (curve 2), suggesting that α1-benzyl at the reducing end enhances binding. T (curve 2) was approx. 15 times more active than GalNAc (curve 4), indicating a strong contribution from the Galβ1-3 residue. I (curve 3) was approx. 5 times more active than GalNAc (curve 4), but approx. 3 times less active than T (curve 2), showing the importance of Galβ1-3 and N-acetylamino groups at C-2 of GlcNAc in binding, as individually GlcNAc and are inactive (curves 11 and 18). II (curve 7) and Galβ1-4Glc (L, curve 8) were tested at concentrations up to 2.3 and 26 times respectively more than I (curve 3) required for 50 % inhibition, but were still inactive, implying that the β1-3 linkage is more efficient than the β1-4 linkage. The N-acetylamino group of the GalNAc residue (curve 4) should be an essential factor for the binding since Gal (curve 10) was tested at concentrations up to 14.8 times greater amounts than that of GalNAc (curve 4) required for 50 % inhibition, but still showed no reactivity.
Although mammalian carbohydrate structural units [A, F (GalNAcα1-3GalNAc), P (GalNAcβ1-3Gal), S (GalNAcβ1-4Gal), B (Galα1-3Gal, human blood group B-specific disaccharide), L and E (Galα1-4Gal, galabiose, the uropathogenic E. coli receptor)] were tested at concentrations from 2 to 228 times greater than that required for T α to achieve 50 % inhibition, they were still inactive (Table 2) . Moreover, neither triantennary II glycopeptides nor Tn-containing glycopeptides (Figure 8 ; curves 6 and 5), which were tested up to 13 and 267 nmol respectively, showed inhibitory activity.
Inhibition of ABA-glycoform interactions by various glycans
The ability of glycans shown in Figure 9 to inhibit the binding of ABA to a T\Tn-containing glycoprotein (asialo PSM) was 
Figure 8 Inhibition of ABA binding to Tn-containing glycoprotein (asialo PSM)-coated ELLSA plates by various saccharides
The amount of glycoprotein in the coating solution was 5.0 ng/well. The lectin (5.0 ng/well) was preincubated with an equal volume of serially diluted inhibitor. The final ABA content was 2.5 ng/well. The total volume was 50 µl. A 405 was recorded after 2 h incubation. Maximal quantities of other sugar inhibitors giving negligible or weak inhibition of ABA are listed in Table 2 .
analysed by ELLSA with the representative panel of glycans listed in Table 3 . The ABA-glycan interaction was inhibited by most high-density polyvalent T\Tn-and I\II-containing glycoproteins and their cryptoforms masked by blood group determinants or sialic acids. These include Tn (curves 1-4, 8, 9, 12, 13 and 15) and T (curves 5 and 6)-containing glycoproteins, I\II cluster-containing glycoproteins, especially human blood-groupactive cyst glycoproteins (curves 7, 10 and 11) and their precursors (curves 2-4 and 8), N-linked multiantennary II-containing glycoproteins (fetuin, human α " -acid glycoprotein and their asialo products, in curves 14, 16, 18 and 19) and Pneumococcus type 14 polysaccharide (curve 17). Their reactivities were 1.2i10$ to 4.7i10' times higher than that of monomeric GalNAc ( Figure  9 and Table 3 ; curves 1 and 19 versus curve 22) and up to 5.5i10& times higher than that of T disaccharide ( Table 3 ). The inhibitory reactivities of glycoforms towards ABA, in general, agree with the maximum absorbances recorded in the binding assay ( Figure 7 and Table 1 ).
DISCUSSION
During the past two decades, it has been established that many multi-branched oligosaccharides exhibit a significant increment in lectin-binding reactivities as compared with their linear counterparts [31, 32] , especially ' the glycoside cluster effect ' in mammalian hepatic asialoglycoprotein receptors [31] . Our results indicate that disaccharide II monomer and triantennary II glycopeptides (curves 7 and 6 in Figure 8 and Table 2 ), which are the major carbohydrate side chains of Pneumococcus type 14 polysaccharide, asialo fetuin and asialo human α " -acid glycoprotein, were poor inhibitors, whereas their polyvalent carriers were very active (Tables 1 and 3 ; Figures 4-6 ; curves 14, 16 and 17 in Figure 9 ), implying there must be other more complicated structural factors involved in binding besides the multiantennary II sequences. To explain this phenomenon, the present concept of the glycoside cluster effect has to be further defined and classified into two groups : (a) the ' multiantennary or simple glycoside cluster effect ' as in galactosides with hepatic lectin [31, 32] and triantennary II with a galectin from chicken liver (CG-16) [33] , as well as (b) the ' high-density polyvalent or complex glycoside cluster effect ' as in macromolecule interaction of high-density II cluster-containing glycoproteins (Pneumococcus type 14 polysaccharide and asialo human α " -acid glycoproteins) with ABA. The clustered glycotopes present on macromolecules generate a great enhancement in affinity with ABA of up to 4.7i10' times as compared with their monomeric counterparts (Table 3) , and provide a good demonstration of the structural importance of complex carbohydrates. Possibly, this peculiar effect could be explained by a remarkably extended sugar-binding surface area formed by the planar array of four sugar-binding sites of ABA tetramers, based on the model of another structurally well-studied polyvalent ligand-binding protein, the mammalian mannose-binding protein A (MBP-A) [34] . Such an extended sugar-binding shallow surface allows complex glycoprotein ligands to contact via clusters of glycotopes arranged in the correct geometry, which are absent in mono-and disaccharides and, thus, displays a lower affinity for their corresponding sugar monomers [34] .
Figure 9 Inhibition of ABA binding to GalNAcα1-Ser/Thr-containing glycoprotein (asialo PSM)-coated ELLSA plates with various glycoproteins (gp) and polysaccharides (ps)
The quantity of glycoprotein in the coating solution was 5.0 ng/well. The quantity of lectin used for inhibition assay was 2.5 ng/well. The total volume was 50 µl. A 405 was recorded after 2 h incubation. The amount (ng) of glycoprotein required to induce 50 % inhibition was determined. In this assay, the following glycoproteins and polysaccharides did not reach 50 % inhibition with 277. The inhibitory activity was estimated from the inhibition curve in Figure 8 and is expressed as the amount of inhibitor giving 50 % inhibition of the control lectin binding. Total volume, 50 µl. The inhibitory activity was estimated from the inhibition curves in Figure 9 and is expressed as the amount of inhibitor giving 50 % inhibition of the control lectin binding. Total volume, 50 µl.
Curve no. Curve in Figure 9 Inhibitor (multivalent structural units) Quantity giving 50 % inhibition (ng) Relative potency* Most glycoprotein ligands strongly inhibited ABA-glycoprotein binding regardless of the masking blood group determinants or sialic acids on their T\Tn or I\II glycotopes ( Figure  9 and Table 3 ), which resembles the binding properties of Jacalin [35, 36] , but is not seen in other T-specific lectins like peanut (Arachis hypogaea) agglutinin (PNA) [37] and Abrus precatorius agglutinin [38] . This is in agreement with the previous reports that ABA could recognize sialyl T-antigen, a characteristic distinct from the behaviour of PNA [37] . However, the present study demonstrates that ABA has a more comprehensive specificity towards ABH blood group glycoproteins and their precursors containing high densities of I\II and T\Tn glycotopes. These unusually broad specificities may be ascribed to the watermediated interactions as in the model proposed by Weis and Drickamer [34] . On the other hand, the poor reactivities of some glycoproteins, like mannan and THGP Sd(aj) that lack the reactive Galβ1 and Tn glycotopes, can rule out the possibility that the broad inhibitions resulted from non-specific proteinprotein interactions between glycoproteins and ABA. Moreover, this multispecificity may explain some additionally inexplicable activities of ABA, including vascular smooth-muscle cell and endothelial cell mitogenesis that are absent in the similar T-specific PNA [37, 39] .
In the reaction with II, ABA displays a higher affinity for highdensity II O-glycans [e.g. blood group precursor (equivalent) glycoproteins ; curves 2-4 and 8 in Table 3 ], than for those present with a lesser density in N-glycans (e.g. fetuin, human α " -acid glycoprotein and their asialo products ; curves 14, 16, 18 and 19 in Table 3 ). Furthermore, these multi-II N-glycans are relatively weaker ligands than most of the T\Tn-containing Oglycans (curves 14 and 16 versus curves 1, 6 and 9 in Figure 9 ). This result could help to explain the finding that IgA " , which possesses additional O-linked T sugar chains besides N-linked II sequences, has a stronger affinity for ABA than the merely N-glycan carrier IgA # [40] . The differential binding of ABA to these two classes of glycan linkages may be valuable when applied as a structural probe.
In a previous report on the carbohydrate specificity of ABA [6] , it was shown that the T disaccharide was the most active one and 2000-fold more potent than GalNAc. Galβ1-6GlcNAc and L were approx. 8-10 times more active than GalNAc, whereas I was inactive. However, I in the present study was five times more active than GalNAc (Table 2) , whereas L and Galβ1-6GlcNAc (curves 8 and 9 in Figure 8 ) were inactive. These contrary results seem to warrant further investigation, but these differences can be considered as ' minor ones ' since the binding power of the polyvalent glycotopes in glycans is much greater than that of their monomeric ligands.
The overall contributions from the present study are as follows. (a) In addition to T sequences, Tn glycotopes and I are also active ligands, whereas other mammalian carbohydrate structural units, such as A, B, P, F and L are inactive. (b) From the interaction and inhibition profiles of ABA-glycoprotein binding by glycans (Table 1 versus Table 3 ) in the present study, glycotope polyvalencies (high-density polyvalent glycoside effect), should be the most important factor for ABA binding. A similar phenomenon was also found in another fungal agglutinin, Sclerotium rolfsii lectin [41] . (c) Although II and triantennary II are poor haptens, their polyvalent II-containing glycans such as Pneumococcus type 14 polysaccharide, and asialofetuin (Table 3) , are very potent ligands. (d) In most cases, ABA does recognize not only glycans exposing Galβ1 and Tn glycotopes, but also their cryptoforms masked by blood group determinants or sialic acids. (e) Mapping the overall reactions, it is concluded that high densities of Tn, T α and I\II containing glycoproteins bind strongly to ABA (Figures 7 and 9 ; Tables 1 and 3) ; and its affinity for ligands can be ranked in decreasing order as follows : high densities of T α , Tn and I\II clusters monomeric T α and Tn I GalNAc II, L and Gal (inactive). This information could not only help to explain the cell surface and\or intracellular receptor(s) of ABA, but also help us to understand its various biological activities with respect to lectin receptor recognition processes. These unique ABA-binding features also support the concept that every lectin has its own binding characteristics [36, 42, 43] . 
